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Purpose: The objective of this study was to evaluate whether pectin feeding would affect the small intestinal function
and whether these changes would lead to obesity prevention in rats fed with high-fat diet. Three groups of weaned
male rats (ad lib. fed; rats fed with diet containing 15% w/w of citrus pectin; restrictedly pair-fed rats) were fed with
either a standard diet (9.5% fat) or a high-fat diet (30% fat) for 10 days. Results: Our results revealed that pectin
feeding led to signiﬁcant decreases in body weight, energy intake and fat pad weight in rats fed with the standard as
well as high-fat diet. Moreover, compared to the restrictedly pair-fed rats, in both groups of rats fed with the diet
containing pectin, signiﬁcant decrease in duodenal alkaline phosphatase (AP) activity was observed in histochemi-
cally stained cryostat sections. In contrast, despite their lower energy intake, restrictedly pair-fed rats showed similar
fat pad deposition accompanied by unchanged values of AP activity in comparison to the controls. Conclusions: Our
ﬁndings indicate that daily pectin consumption could be beneﬁcial in suppressing body weight gain and reducing
probability of obesity risk in rats fed with a high-fat diet.
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Introduction
Obesity is considered as one of the most prevalent public health problems worldwide. The
main reason for obesity development is positive energy balance, i.e., the condition in which
energy intake chronically exceeding energy expenditure leads to an increased fat accumula-
tion that may impair health. Obesity is associated with metabolic diseases such as insulin
resistance, diabetes, cardiovascular diseases and cancer (29). Despite growing efforts, the
current strategies involved in reduction of this high prevalence of obesity have been
minimally effective. A possible way in which diet composition may affect caloric intake
and body weight/fat regulation is inclusion of dietary ﬁber in the diet (5). Pectin is one of the
most important sources of dietary soluble ﬁber occurring as a component of plant cell walls of
fruits and vegetables (28). Although pectin is not digested in the upper part of the
gastrointestinal tract, its inclusion in the diet is associated with morphological and functional
alterations of the small intestine as well as with changes in the physiological processes of
nutrient absorption. Pectin effects are mediated through its chemical–physiological properties
as it passes through the gastrointestinal tract. It has been found that addition of pectin to the
diet resulted in signiﬁcantly higher weight and length of intestinal tissues and also in
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increasing small intestinal villus height and depth of the crypts in the small and large
intestines compared with rats fed with a control diet (2, 15, 25). Data from other studies also
indicate that consumption of diet with pectin leads to increased satiety, decreased food intake,
body weight gain and total body fat in male rats (1, 8, 24).
The small intestine contains several enzymes in the microvillous zone of enterocytes
which play an important role in the digestion of individual food components. It has been
proved that alkaline phosphatase (AP) is involved in the intestinal absorption of lipids (16). In
rats, AP activity increases after fat consumption (3, 20, 27); it displays circadian ﬂuctuations
closely related to food intake (19), and is evidently depressed after food deprivation (26). The
impact of pectin supplementation on intestinal enzyme activity is inconsistent. Some animal
studies have revealed that in pectin-fed rats the speciﬁc AP activity was signiﬁcantly reduced
in the upper jejunum in comparison with rats fed with basal diets (4); other results indicate
that pectin stimulates ileal mucosal speciﬁc activities of AP, maltase and sucrase (6). At the
present time, however, information concerning the relation between pectin feeding, intestinal
enzyme activity and obesity development is lacking. In this sense, additional data may
explain whether the acquired changes in small intestinal function could be potentially
involved in body fat reduction and obesity prevention in weaned rats fed with high-fat
diet. The purpose of this study was, therefore, to examine the effect of daily consumption of
soluble dietary ﬁber pectin upon the growth performance and small intestinal functionality in
young male rats fed with either high-fat/high-energy diet or standard laboratory diet.
Materials and Methods
Animals
Sprague-Dawley virgin rat dams (Charles River Laboratories, Prague, Czech Republic) were
mated at 10 weeks of age and individually housed in plexiglass cages in a temperature-
controlled environment of 22 ± 2 °C with a relative humidity of 55 ± 10% and 12 h light/dark
cycle (light on from 06:00 to 18:00) with free access to a standard laboratory diet (Laboratory
diet M1, Řicmanice, Czech Republic; 3.2 kcal/g, with 26.3% energy as protein, 9.5% as fat,
and 64.2% as carbohydrate) and tap water. Within 24 h of parturition, litter size was adjusted
to 10 pups/litter to ensure adequate and standardized nutrition until weaning. All litters
contained males and females and were kept under the above-mentioned laboratory conditions.
The weaned 30-day-old male rats were given either standard laboratory diet (experiment I) or
high-fat diet (experiment II). In experiment I, the rats (n= 24) were randomly divided into
three groups (eight animals in each group) and individually housed in plexiglass cages: (1) the
control group (C) was fed with standard laboratory diet, (2) the pectin-fed group (C-P) was
fed the diet prepared by combining the standard diet with 15% addition of pectin from citrus
peel (Fluka No. 76280, degree of esteriﬁcation 60%), and (3) food-restricted pair-fed controls
(C-PF) were food restricted to receive the average daily kcal food intake of the pectin group
(C-P). Standard diet was available to them twice daily (from 8:00 and from 18:00).
In experiment II, the rats (n= 24) were separated into three groups (eight animals in each
group) and individually housed in plexiglass cages: (1) the high-fat group (HF) in which the
rats received a HF diet [catalog number 53316 (58QJ), purchased from Test Diet company
(division of Lab Diet, Richmond, IN, USA); 4.04 kcal/g, with 14.55% energy as protein, 30%
as fat, 55.5% as carbohydrate] from days 30 to 40, (2) the pectin-fed group (HF-P) was fed
with a HF diet supplemented with pectin from citrus peel added at 15% level (Fluka No. 76280,
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degree of esteriﬁcation 60%), and (3) food-restricted pair-fed males (HF-PF) received the
average amount of kcal consumed each day by the pectin group (HF-P). Food was divided
into two doses/day (from 8:00 and from 18:00). Food intake was measured daily. On day 40,
the animals were killed by decapitation without an overnight fasting (between 08:00 and
9:00), followed by removal of adipose depots and small-intestinal segments. Bilateral adipose
tissue samples were collected from epididymal and perirenal regions.
Enzyme Assays
For enzyme assay, a small (0.5 cm) segment of the duodenum was immediately removed, the
lumen rinsed in distilled water, and frozen in liquid nitrogen. Segments of the frozen tissue
were cut (8 μm) in the cryostat at –22 °C and the tissue slices were transferred to glass slides
and air-dried.
Analysis of AP activity was performed using a modiﬁed simultaneous azo-coupling
method (18). The incubation medium contained 2.0 mM naphthol AS-BI phosphate (Sigma,
Deisenhofen, Germany), 0.8 mM hexazotized new fuchsin (Serva, Heidelberg, Germany),
20 mM N,N-dimethylformamide (solvent of naphthol AS-BI phosphate) and 0.05 M veronal
acetate buffer. The sections were incubated at 37 °C for 10 min at pH 8.9 (21). The
histochemically stained slides were visualized using image analysis and quantiﬁcation of the
enzyme activity (pixel intensities) was carried out in a whole section of at least four duodenal
slides, and the recorded mean values were referred to one animal (22).
Ethics statement
All animal experiments were reviewed and approved by the Ethical Committee for animal
experimentation of the Institute of Animal Physiology, approved by the State Veterinary and
Food Administration of the Slovak Republic, and were performed in accordance with Slovak
legislation (Law No. 377/2012) on the protection of animals used for experimental and other
scientiﬁc purposes.
Statistical analysis
Statistical analyses were performed using the Statistica AXAZ software package (StatSoftCR,
Czech Republic). Data were expressed as means ± standard error of the mean (SEM). Statistical
evaluations of the results were performed with one-way analysis of variance (ANOVA),
and the post hoc Fisher’s least signiﬁcant difference (LSD) test was used to compare the
differences between the groups. A p< 0.05 level was considered statistically signiﬁcant.
Pearson’s R was used to assess relationships between body fat (% b.w.) and AP activity.
Results
Postweaning somatic and feeding parameters
There were no differences in initial body weight between diet groups on day 30. On day 40,
pectin-fed and restrictedly pair-fed rats showed the same ﬁnal body weight and weight gain in
experiment I. On the other hand, HF-P rats displayed signiﬁcantly lower ﬁnal body weight
and lower weight gain by 12% in experiment II as compared to the HF-PF group. The food-
restricted pair-fed rats in both experiments showed lower overall body weight gain (p< 0.01)
in comparison with the ad lib. controls (Figs 1 and 2). Pectin- and pair-fed rats consumed less
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Fig. 1. Body weight (g) and weight gain (g) in 40-day-old control (C), 15% pectin (C-P), and pair-fed (C-PF) male
rats fed with standard diet. Values are means ± SEM (eight animals/group). Signiﬁcantly different from control (C)
group: **p< 0.01 by Fisher’s LSD test after ANOVA
Fig. 2. Body weight (g) and weight gain (g) in 40-day-old HF, 15% pectin (HF-P) and pair-fed (HF-PF) male rats fed
with high-fat diet from days 30 to 40. Values are means ± SEM (eight animals/group). Signiﬁcantly different from HF
group: **p< 0.01, ***p< 0.001 by Fisher’s LSD test after ANOVA, #signiﬁcant differences between HF-P and HF-
PF groups
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daily energy (expressed in kcal/day) than the controls in experiments I and II. Despite their
lower energy intake, food-restricted pair-fed rats revealed no signiﬁcant changes in body fat
pad weight in experiment I. On the other hand, rats fed with standard laboratory diet including
15% citrus pectin displayed signiﬁcantly lower epididymal (about 37%) as well as perirenal
fat (about 56%) than the pair-fed rats (Table I). Likewise, in experiment II rats fed with the
high-fat diet with pectin attained a ﬁnal epididymal plus perirenal fat pad weight that was
signiﬁcantly lower (p< 0.01) than in the food-restricted pair-fed animals (Table II). Pectin
supplementation in the standard as well as high-fat diet resulted in signiﬁcant elongation of
the small intestine compared to the pair-fed groups (Tables I and II).
Effects of pectin feeding on intestinal functions
The effect of pectin supplementation on small intestinal AP activity in control, pectin- and
pair-fed rats receiving the standard laboratory diet is presented in Table I. Compared to pair-
fed (C-PF) rats, the values of duodenal AP activity in pectin-fed rats (C-P) decreased by about
7%. No alterations were observed in AP activity in rats exposed to food restriction (C-PF)
compared to the controls (C). Correlation between parameters of body fat and AP activity
showed signiﬁcant positive correlations (r= 0.465; p= 0.025) in experiment I.
Our results also reveal that whereas the values of duodenal brush border-bound AP
activity in food-restricted pair-fed (HF-PF) and HF rats remained unchanged, pectin
supplementation in the high-fat diet resulted in signiﬁcant duodenal AP activity reduction
by 12% compared to HF-PF rats (Table II). The body fat (%) signiﬁcantly correlated with
duodenal AP activity (r= 0.469; p= 0.024) in experiment II.
Discussion
Overconsumption of energy-dense food and lack of physical activity leads to the growth of
obesity. Obesity as a multifactorial disease results from interaction of genetic and environ-
mental factors. Recent studies have demonstrated that obesity in rats is also closely related to
disturbance of two dominant divisions of gut bacteria, especially increase in the Firmicutes
and reduction of the Bacteroidetes (11, 20). Supplementation with apple-derived pectin in
Table I. Effect of pectin supplementation on body fat, food intake and duodenal alkaline phosphatase (AP) activity in
40-day-old male rats fed with standard diet
Control (C) 15% pectin (C-P) Pair-fed (C-PF)
Epididymal fat (% b.w.) 0.33 ± 0.04 0.17 ± 0.03** 0.27 ± 0.03#
Perirenal fat (% b.w.) 0.18 ± 0.01 0.07 ± 0.001** 0.16 ± 0.04#
Food intake (kcal/day) 44.88 ± 1.57 31.40 ± 1.39*** 35.79 ± 1.65***
Small intestine (cm) 110.00 ± 2.30 121.88 ± 2.49** 104.13 ± 2.22#
AP activity 12.91 ± 0.17 11.95 ± 0.31* 12.91 ± 0.22#
Values are means ± SEM (eight animals/group). AP activity is given as density values (pixel intensities) in
duodenal enterocytes at a wavelength of 520 nm. Signiﬁcantly different from control (C) group: *p< 0.05,
**p< 0.01, ***p< 0.001 by Fisher’s LSD test after ANOVA, #signiﬁcant differences between C-P and
C-PF groups
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obese rats fed with high-fat diet restored bacteria levels to normal ranges (11). Pectin addition
alleviated metabolic endotoxemia and inﬂammation in obese rats (11).
This study demonstrates how pectin addition to diets with two different fat contents
inﬂuences body weight, adiposity and small intestinal enzyme activity in young male rats.
Our present results indicate that reduced caloric intake in pectin-fed rats leads to signiﬁcantly
decreased body fat content in comparison with the pair-fed group, which is in agreement with
previous ﬁndings suggesting similarly decreased body fat accumulation in rats fed with a diet
containing pectin (1, 2, 8). Decreased overall food intake in pectin-fed rats was accompanied
with increased satiety and with increased circulating concentrations of the gut satiety
hormones (1). In contrast, several studies have suggested that pectin does not inﬂuence
food intake and growth rate (7, 9).
It is known that the gastrointestinal tract plays an important role in the physiological
process of digestion and absorption. It has been proved that addition of pectin to the diet
decreases intestinal glucose (14) and fat absorption (23) in these rats. Moreover, regarding the
role of intestinal enzymes, AP is considered as a brush border-bound representative enzyme
that has a broad range of roles, involving regulation of lipid absorption (16). Its activity
increased markedly after fat feeding (13, 17, 20) and decreased after fasting, while refeeding
elevated it to the pre-fasting level (26). AP in rodents is present at its highest level in the
duodenum, and its activity decreases gradually toward the jejunum and ileum (10). The
presented results show that besides the reduction of adiposity, consumption of a standard diet
with citrus pectin also affected the small intestinal function, i.e., signiﬁcantly decreased
duodenal AP activity was found in 40-day-old pectin-fed rats in comparison with the pair-fed
group. This is in line with previous studies showing signiﬁcantly reduced small intestinal AP
activity after addition of soluble dietary ﬁbers (pectin and guar gum) to the rat diet (4, 12). In
contrast, another rat study using dietary pectin reported elevated ileal speciﬁc AP activity (6).
At the present time, the available data on the impact of pectin on somatic, feeding and
intestinal parameters are in some cases controversial. These contradictory data may result
from different types of pectin (chemical and physical properties) as well as from various
experimental periods and methods used in the experiments.
The restrictedly pair-fed rats reduced their weight gain without substantial changes in
body fat pads or in enzyme activity. Our results concerning decreased AP activity in rats fed
Table II. Effect of pectin supplementation on body fat, food intake and duodenal AP activity
in 40-day-old male rats fed with high-fat diet from days 30 to 40
HF 15% pectin (HF-P) Pair-fed (HF-PF)
Epididymal fat (% b.w.) 0.37 ± 0.04 0.15 ± 0.03*** 0.33 ± 0.02#
Perirenal fat (% b.w.) 0.32 ± 0.03 0.12 ± 0.01*** 0.32 ± 0.04#
Food intake (kcal/day) 50.12 ± 1.53 36.06 ± 2.90*** 40.63 ± 1.31**
Small intestine (cm) 104.50 ± 2.08 110.63 ± 1.08* 102.88 ± 1.37#
AP activity 15.81 ± 0.42 13.46 ± 0.31*** 15.29 ± 0.31#
Values are means ± SEM (eight animals/group). AP activity is given as density values (pixel intensities) in duodenal
enterocytes at wavelength of 520 nm. Signiﬁcantly different from HF group: *p< 0.05, **p< 0.01, ***p< 0.001 by
Fisher’s LSD test after ANOVA, #signiﬁcant differences between HF-P and HF-PF groups
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with pectin compared to pair-fed rats, when both pectin- and pair-fed groups displayed lower
energy intake, clearly indicate that these enzymatic changes developed as a consequence of
pectin feeding, and were not dependent on decreased energy intake. Moreover, exposure of
rats to diet with 30% energy as fat after weaning resulted in similar responsiveness in growth
and feeding parameters as recorded in rats fed a diet with 9.5% energy as fat, i.e., it
signiﬁcantly decreased adiposity (epididymal and perirenal fat pad weight) and food
consumption in HF-P rats was observed. In addition, our results indicate that except modiﬁed
somatic and feeding parameters, signiﬁcantly reduced AP activity was found as well. The
exact mechanism by which pectin feeding may lead to duodenal changes has not been fully
elucidated. Further work is needed to obtain more ﬁndings about the beneﬁt of pectin
inclusion in diet.
Conclusions
The results of our study show that postweaning daily inclusion of soluble dietary ﬁber
(pectin) into diets with two different fat contents led to decreases in food intake, weight gain
and fat pad weight in male rats. It seems that citrus pectin is an important factor against
obesity development, and this effect might be partially explained by the signiﬁcant reduction
of intestinal AP activity. Additional studies focusing on enzymatic plasticity might be helpful
for future pharmacological and dietary strategies for prevention of obesity.
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